Papillomatous digital dermatitis is a common disease in cattle. The pastern dermatitis observed in a horse shared many of the gross characteristics of papillomatous digital dermatitis in cattle. Lesions included a mixture of proliferative and erosive changes, with a verrucose appearance in some areas. Microscopic similarities included pseudoepitheliomatous and papillomatous epidermal hyperplasia with hyperkeratosis, spongiosis of the epidermis, and intraepidermal spirochetes. The horse was also concurrently infected with Pelodera strongyloides. Papillomatous digital dermatitis in cattle is associated with poor husbandry practices. The environment of the affected horse was heavily contaminated with urine, manure, and other organic debris.
Papillomatous pastern dermatitis with spirochetes and Pelodera strongyloides in a Tennessee Walking Horse
Ann M. Rashmir-Raven, Sharon S. Black, Lora G. Rickard, Mark Akin Abstract. Papillomatous digital dermatitis is a common disease in cattle. The pastern dermatitis observed in a horse shared many of the gross characteristics of papillomatous digital dermatitis in cattle. Lesions included a mixture of proliferative and erosive changes, with a verrucose appearance in some areas. Microscopic similarities included pseudoepitheliomatous and papillomatous epidermal hyperplasia with hyperkeratosis, spongiosis of the epidermis, and intraepidermal spirochetes. The horse was also concurrently infected with Pelodera strongyloides. Papillomatous digital dermatitis in cattle is associated with poor husbandry practices. The environment of the affected horse was heavily contaminated with urine, manure, and other organic debris. Verrucous pododermatitis of horses may be the same as or similar to bovine papillomatous digital dermatitis, and these conditions have similar etiologies.
Papillomatous digital dermatitis (PDD) is an economically significant disease in cattle of North America, Europe, and other parts of the world. 28 This disease has been referred to by a variety of other names, including digital dermatitis, interdigital papillomatosis, Mortellaro disease, hairy heel warts, strawberry heel, and foot warts. 8, 22, 38 Lesions can be proliferative, erosive, red, exudative, and painful. Lesions may have a verrucose or hairy appearance. 28, 34 Lesions most often involve the skin-horn junctions of the plantar aspect of the hind feet, although PDD may occur on front or hind feet. 28 The pathogenesis of PDD has not been clarified. Bacteria, particularly spirochetes, are believed to play an important role in lesion formation as suggested by the frequent presence of intralesional spirochetes, sensitivity of PDD lesions to topical or parenteral antibiotic therapy, observations that PDD behaves as a contagious disease in herds producing high morbidity, and recently published serologic evidence of exposure. [8] [9] [10] 28 Exposure of the lower limbs to unhygienic and persistently moist conditions predisposes animals to PDD. 28, 32 Lesions of PDD are painful. Affected cattle exhibit lameness, decreased milk yield, poor reproductive performance, and weight loss. 28 Papillomatous digital lesions have been reported in cattle for Ͼ20 years. The first association of spirochetes with the lesions in cattle was reported in 1994. 38 Here, we present a case of pastern dermatitis in a horse with clinical and pathologic similarities to PDD of cattle. This is the first report of a papillomatous dermatitis associated with intraepidermal spirochetes in a horse. The horse also had concurrent Pelodera strongyloides dermatitis.
A 12-year-old Tennessee Walking Horse stallion had undergone routine health maintenance when a mild pastern dermatitis was noted. Instructions were given to the caretaker to improve sanitation in the stall where the stallion was housed and to clean the pasterns daily with an antimicrobial agent. a The stallion presented 3 months later with severe exuda-tive ulcerative to verrucous pastern dermatitis (Figs. 1, 2) involving both hind limbs and 1 forelimb. Lesions were painful on palpation. The stallion was reluctant to move. The primary differential diagnoses for the pastern lesions were bacterial or fungal granulomas, sarcoid, papillomas, contact dermatitis, and habronemiasis. 12, 33, 35 The stallion was sedated with xylazine b (200 mg intravenously [IV]) and butorphenol c (5 mg IV). An abaxial sesmoidian nerve block was performed with 2% mepivacaine d on each of the affected limbs to perform incisional biopsies. Affected limbs were cleaned with betadine solution. Samples were obtained by sharp dissection and fixed in neutral buffered 10% formalin for histopathology. Microscopic examination of biopsies using routine staining techniques revealed a marked proliferative dermatitis with intraepidermal bacteria and nematode larvae.
Potassium penicillin e (20,000 U/kg IV every 6 hours), gentamycin f (6.6 mg/kg IV every 24 hours), and ivermectin g (0.2 mg/kg orally) were administered. Administration of parenteral antibiotics, daily cleansing with betadine scrub, topical application of 1% silver sulfadiazine cream, h and support wraps were continued for 1 week. Because of the lack of response of the pastern lesions to conservative therapy and the chronic and proliferative nature of the lesions, 18 the stallion was placed under general anesthesia (induced with xylazine and ketamine i and maintained with a combination of xylazine, ketamine, and guiafenisin c ). Lesions were surgically debrided down to normal tissue. Excised tissue was placed in sterile saline for collection of nematode larvae.
To isolate and identify larvae, excised tissues were diced into small pieces and placed into an artificial digesting fluid (1:10 w/v) consisting of 1% pepsin and 0.5% HCl in tap water. The mixture was continuously stirred with a magnetic stirrer at 37 C for 4 hours. The resulting mixture was decanted into petri dishes and examined with the aid of a dissecting microscope. The nematodes were identified as Pelodera strongyloides (Fig. 3) .
Formalin-fixed biopsies were routinely processed for histopathology, embedded in paraffin, sectioned at 4 m, stained with hematoxylin and eosin (HE), and examined with a light microscope. Pastern lesions were characterized by moderate to marked pseudoepitheliomatous and papillomatous epidermal hyperplasia with moderate ortho-and para- keratotic hyperkeratosis. Multifocal areas of superficial epidermal spongiosis ( Fig. 4 ) and necrosis were heavily infiltrated with neutrophils. The subjacent superficial dermis contained congested capillaries that were occasionally thrombosed. The superficial dermis contained a moderate number of interstitial and marginating neutrophils with a small number of eosinophils. A few nematode larvae were present within infundibula of hair follicles, in crevices between papillomatous projections of the epidermis, and on the epidermal surface (Fig. 5 ). The larvae had double lateral alae as previously described for P. strongyloides 14 (Fig. 5, inset) . The superficial epidermis was colonized by numerous individualized and chain-forming gram-negative bacterial rods. The gross and microscopic lesions in this horse were similar to pastern lesions described in cattle with PDD. Therefore, a modified Steiner stain was applied to paraffin-embedded sections of the excisional biopsies. This stain revealed numerous argyrophilic spirochetes colonizing the epidermis (Fig. 6 ). These spirochetes invaded as deeply as the epidermis-dermis junction. The deeper dermis was normal. Based on these findings, the diagnosis was papillomatous dermatitis with intraepidermal bacteria and P. strongyloides larvae. Because of the location of bacteria within the stratum spinosum and their association with inflammatory changes in the epidermis, it was presumed that the bacteria were significantly contributing to the lesion and were not just secondary colonists.
Formalin-fixed tissue from the excisional biopsies was postfixed in osmium tetroxide and routinely processed for transmission electron microscopy. Thin sections were stained with uranyl acetate and lead citrate and examined with a transmission electron microscope. No evidence of papillomavirus was identified. Bacterial rods and spirochetes were seen within and between keratinocytes of the epidermis. Spirochetes had characteristic periplasmic flagella ( Fig.  7) .
Local wound care was continued, but the antibiotic regimen was changed to oxytetracycline j (7.5 mg/kg IV every 12 hours) following identification of spirochetes in biopsy samples. The stallion appeared more comfortable by the third postoperative day. Within 2 weeks of debridement, the pastern lesions were markedly improved, and complete healing had occurred within 5 weeks. The horse remained asymptomatic 2 years later.
Pastern dermatitis is a common syndrome in horses worldwide. Mild cases are generally referred to as ''scratches,'' and exudative lesions are called ''grease heel'' or ''dew poisoning.'' Chronic proliferative stages are referred to as verrucous pododermatitis and may be accompanied by nodules of hyperplastic tissue, as seen in this horse. 18 Mechanical damage to the epidermis from chronic moisture, often in combination with chemical irritation or mechanical injury from ropes or chains, usually precedes the dermatitis. 18, 19, 25 Routinely reported dermal pathogens include Dermatophilis congolensis, Staphylococcus sp., dermatophytes, mites, and nematodes such as P. strongyloides and the larvae of Strongyloides westeri. Horses affected with sarcoid or other tumors, phycomycosis, habronemiasis, and canker can also develop lesions with a similar gross appearance. 19, 25 Spirochetes have not previously been associated with equine pastern dermatitis.
PDD is recognized as an economically significant disease of cattle worldwide, occurring most frequently in dairy cattle. 28 Examination of 350 bovine feet in a study of California dairy cattle indicated that lesions are generally 2-6 cm in diameter, circular to oval in shape, and raised with a surface that is red and granular or a composite of white-yellow, gray, brown, and/or black papillary areas interspersed with red granular areas. 28, 29 The pastern lesions of the affected horse were grossly similar to the lesions seen in these cattle. 28, 29 They were also identical to those previously identified in horses suffering from equine pastern dermatitis (verrucous pododermatitis). 19 Bovine PDD lesions often contain mixed colonies of spirochetes and gram-negative rods. Gram-negative bacteria cultured from lesions include those in the genera Prevotella, Porphyromonas, Fusobacterium, and Bacterioides 5 and Bacterioides levii, Fusobacterium necrophorum, Mycoplasma sp., and an unidentified, obligately anaerobic, gram-negative rod. 38 Microscopic examination of biopsies of bovine PDD lesions consistently reveal that spirochetes are predominant. These spirochetes can be seen invading the stratum spinosum and dermis. 28, 29 A recent study in which PDD was experimentally produced in Holstein calves revealed spirochetes to be the predominant organism associated with lesions. Spirochetes were frequently found in combination with large gram-negative rods. 27 Spirochetes isolated from lesions of bovine PDD consisted of 2 populations of organisms that differed in morphology, enzyme expression, and antigenic characteristics. Collective interpretation of these findings suggested that both of these spirochete species had features most consistent with the genus Treponema. 39 Researchers using comparative 16S ribosomal RNA (rRNA) sequence analysis identified at least 5 phylotypes of spirochetes in lesions of bovine PDD. 5 All of these spirochetes clustered within the genus Treponema, and 2 phylotypes were closely related to treponemes commonly associated with periodontitis in humans, i.e., Treponema denticola and T. vincentii. 5 Using the polymerase chain reaction for the presence of a spirochetal 16S rRNA gene, other researchers have confirmed the presence of a T. denticola-like spirochete in lesions of PDD. 7, 31 Confocal laser scanning microscopy of biopsies of PDD lesions revealed that treponemal phylotypes in the epidermis migrate intercellularly around cells, and their axial alignment is typically directed perpendicular to the dermal surface. 21 Investigations of the oral treponemes associated with human periodontitis offer interesting possibilities for the role of spirochetes in the pathogenesis of PDD. In vitro, T. denticola and T. vincentii were able to attach to cultured guinea pig ear epithelial cells. Propagation of these organisms induced morphologic damage and detachment of the cells, suggesting that enzymatic activity may be involved in the pathogenicity of these treponemes. 30 Oral treponemes, including T. denticola and T. vincentii, induced well-demarcated, dose-dependent raised subcutaneous abscesses in mice. 17 Treponema denticola may be able to promote inflammation in periodontal disease by virtue of its ability to cleave interleukin-1 beta precursor. 1 Pelodera strongyloides dermatitis (rhabditic mange) has been diagnosed in humans, 16, 23 dogs, 3, 4, 6, 15, 20, 40 cattle, 36 sheep, 2,26 guinea pigs, 37 and horses. 11, 13 Lesions of P. strongyloides dermatitis are papular, pustular, exudative, erythematous, and/or lichenified with or without pruritus. Similar to bovine PDD, the disease is associated with poor environmental conditions and management; the parasite normally lives in damp soil and decaying vegetation. 13 The prominent papillomatous epidermal hyperplasia characterizing the pastern lesions of the affected horse is not consistent with previous descriptions of P. strongyloides dermatitis. It is more similar to the lesions of bovine PDD. Additionally, infection with this free-living nematode does not always cause pathologic changes. 24 Therefore, colonization of the epidermis by spirochetes was considered the significant causative factor of the papillomatous pastern dermatitis in this horse. Because the stallion had been confined to a stall and was not in contact with any other horses, infection by spirochetes and nematodes is presumed to have occurred from the unclean stall. Contributing factors such as the use of chemical irritants and chain devices to exaggerate the gait were not believed to have contributed to the disease process in this particular Tennessee Walking Horse because he had been retired to breeding service for several months prior to the development of his lesions.
Treatment of equine pastern dermatitis involves providing the horse with a dry environment and providing topical wound care with appropriate mild cleansing and antibiotics. 18, 19 Occasionally, systemic antibiotics are warranted. Severe refractory and chronic cases should be further evaluated with skin scrapings, bacterial culture and sensitivity, and histopathology. 18 Treatment regimens should then be tailored to the specific etiologic agent detected.
